Abstract Endoscopic retrograde cholangiopancreatography (ERCP) in patients with surgically altered anatomy involves challenging procedures for ERCP endoscopists. In these patients, the anatomical structure of the intestine is substantially altered, and an endoscope needs to be inserted into the long afferent limb. Moreover, the papilla is observed in the opposite view from the normal anatomy. Recently, a balloon-assisted enteroscope (BAE) has been developed and made available for use in daily practice. The two types of BAE are single-balloon enteroscope (SBE), which is inserted with one balloon attached to the overtube using a balloon-assisted method, and double-balloon enteroscope (DBE), which is inserted with two balloons, one attached to the overtube and the other attached to the tip of the enteroscope. In addition, short-type DBE (short-DBE) and short-type SBE (short-SBE) with a working length of approximately 150 cm, which could be used with various ERCP accessories, are commercially available or under development. Notably, the success rate of ERCP through coordinated manipulation with a balloon was remarkably improved with the use of BAE, even in patients with surgically altered anatomy. Here, we report the current status and procedures of ERCP in patients with surgically altered anatomy. 
Introduction
Endoscopic retrograde cholangiopancreatography (ERCP) in patients with surgically altered anatomy involves challenging procedures for ERCP endoscopists. These procedures include identification and access to the afferent limb, reaching the papilla or anastomotic site of the pancreaticobiliary-enteric anastomosis, and cannulation to the bile and pancreatic ducts through the native papilla or anastomotic site without using an elevator function. In particular, an endoscope must be inserted beyond the long afferent limb in patients with Roux-en-Y (R-Y) reconstruction or hepaticojejunostomy. The papilla also appears in reverse of the usual appearance. Moreover, in patients with pancreatic or biliary anastomosis, the anastomotic site occasionally has stenosis due to duct-enteric anastomosis.
In patients with Billroth-II reconstruction, the use of a duodenoscope, an oblique-viewing endoscope, or a forward-viewing endoscope reportedly results in a high success rate of ERCP [1] . However, in patients with R-Y reconstruction, hepaticojejunostomy, or pancreaticoduodenectomy (PD), the target site is difficult to reach, and the outcomes have not been sufficiently satisfactory [2, 3] .
Recently, a balloon-assisted enteroscope (BAE) has been developed and made available for use in daily practice [4] [5] [6] [7] [8] [9] . With this BAE, the success rate of ERCP through coordinated manipulation with a balloon was remarkably improved even in patients with surgically altered anatomy. However, ERCP using BAE also involves difficult procedures, and some technical aspects must be thoroughly understood to successfully carry out such procedures. Here, we report the current status of and provide technical tips regarding ERCP using BAE performed in patients with surgically altered anatomy.
Anatomy after digestive reconstruction
Before performing ERCP in patients with surgically altered anatomy, it is important to confirm and thoroughly understand the anatomy of such patients, as well as the surgical reconstructions involved.
Billroth-II reconstruction connects the greater curvature of the stomach to the first part of the jejunum in a side-toside manner. This often follows resection of the lower part of the stomach. When performing ERCP, the endoscope should be inserted into the afferent limb and the scope must be advanced to the papilla (Fig. 1a) .
R-Y reconstruction is a surgically created end-to-side anastomosis of the jejunum. Typically, this is between the small bowel and the small bowel that is distal from the cut end. To reach the papilla, this end-to-side anastomosis must be located and the endoscope should be inserted into the appropriate limb (Fig. 1b) . R-Y is usually performed to treat bile duct obstruction that may arise due to a common bile duct or hepatic duct tumor, a bile duct injury, or bypass End-to-side anastomosis of the jejunum is created. To reach the papilla, this end-to-side anastomosis must be located, and the endoscope should be inserted into the appropriate limb. c Whipple reconstruction. Reconstruction consists of attaching the pancreas to the jejunum and then joining the hepatic duct to the jejunum as the sequence of bile duct, pancreas, and stomach. d Child reconstruction. The sequence is pancreas, bile duct, and stomach operation for unresectable pancreatic cancer. The anatomy of R-Y hepaticojejunostomy is similar to that of an R -Y gastrectomy. Although the stomach is not resected and still remains intact, endoscope manipulation is occasionally difficult because the scope easily bends in the stomach.
PD is a major surgical operation involving the pancreas, duodenum, and other organs. This operation is mainly performed to treat cancerous tumors on the head of the pancreas, and malignant tumors involving the common bile duct, duodenal papilla, or duodenum near the pancreas. Reconstruction consists of attaching the pancreas to the jejunum (pancreaticojejunostomy) and then joining the hepatic duct to the jejunum (hepaticojejunostomy) to allow digestive juices and bile, respectively, to flow into the gastrointestinal tract, and thereafter attaching the stomach to the jejunum (gastrojejunostomy) to allow food passage. Whipple originally used the sequence bile duct, pancreas, and stomach ( Fig. 1c) , whereas presently the common reconstruction method involves the sequence of pancreas, bile duct, and stomach, which is known as Child's operation (Fig. 1d) . Basically, the anatomical reconstruction is similar to the Billroth-II reconstruction. However, as the native papilla is resected, we should cannulate through the anastomotic site.
Balloon-assisted enteroscope
For the BAE, the two types of enteroscope used are the single-balloon enteroscope (SBE) and the double-balloon enteroscope (DBE). The SBE is inserted with one balloon attached to the overtube using a balloon-assisted method (Fig. 2a) . The DBE is inserted with two balloons, one attached to the overtube and the other attached to the enteroscope tip (Fig. 2b) . As conventional enteroscopes have recently been designed to have a working length of approximately 200 cm, various accessories for the ERCP procedure that can be used in combination have become limited. At present, short-type DBE (short-DBE) [10] and short-type SBE (short-SBE) [11] with a working length of approximately 150 cm are commercially available or under development. One possible advantage of a short-type enteroscope is its usefulness because it provides a larger working channel, and it can be used with various accessories. As a long-type enteroscope can deploy only limited devices, interventional procedures become limited because of the long working channel. However, the target site cannot be reached in some cases because of the shorter scope length. Moreover, in some difficult cases, a change from a short-type enteroscope to a long-type enteroscope is required because of the insufficient length of the short-type enteroscope.
Balloon-assisted ERCP procedures

Scope insertion
The scope is inserted using coordinated manipulation with the balloon and overtube. Following the insertion of a BAE into the intestine while forming a loop, the intestine can be fixed with the balloon and shortened or straightened. Furthermore, by simultaneously using an overtube to transmit force to the enteroscope tip, the enteroscope can be inserted into the target site. The use of carbon dioxide was recognized as a technical improvement issue for endoscope insertion. In inserting an enteroscope, one of the most difficult procedures may be identifying the jejunojejunostomy site (Fig. 3) in cases of R-Y anatomy. One of the technical improvements to overcome this difficulty is that a transparent hood should be attached to the enteroscope to locate the jejunojejunostomy site. Moreover, the approximate site should be confirmed under X-ray fluoroscopic guidance while the intestine is dilated with carbon dioxide. After the enteroscope is inserted into the afferent limb, bile juice is usually recognized in many cases. The previously reported indigo carmine dye method [12] is also useful for identifying the appropriate afferent limb. To correctly identify the right limb at the anastomotic site of the intestine, local injection of India ink with an endoscope is helpful. When an enteroscope is inserted beyond the long limb, the intestine needs to be shortened (Fig. 4a, b) . However, in some patients who have undergone R-Y hepaticojejunostomy without gastrectomy, it may be difficult to insert an endoscope because no force is transmitted to the endoscope at the bend of the stomach. In fact, manual compression is necessary in such patients.
Cannulation technique
Biliary cannulation through the papilla in cases with surgically altered anatomy is difficult compared to cases with normal anatomy. This is because of the following: (1) the papilla appears in reverse of the usual appearance in normal anatomy, (2) the anastomotic site is occasionally difficult to recognize because of an anastomotic stricture in cases of Whipple resection, and (3) the BAE has no elevator to change the direction of the catheter. Thus, the scope should be manipulated to adjust the direction. Scope position is very important because the direction of the catheter is fixed according to the scope type. The direction of the catheter position in the endoscopic view is 8 O'clock using the SBE (Fig. 5 ) and 7 O'clock using the DBE. The papilla should be adjusted in these positions according to the scope type. For failed cases of cannulation after conventional methods, using an angle-changeable catheter and performing a precut sphincterotomy are alternative options. Some problems encountered when cannulating the bile duct and pancreatic duct through the anastomotic site after PD include difficulties in detecting the anastomotic site, cannulation, and intubation of the catheter due to stenosis. A transparent cap placed at the end of the endoscope is useful for searching behind or between the folds [14] .
If the anastomotic site could not be identified during the procedure, a rendezvous technique is an option [14] [15] [16] . Endoscopic ultrasound-guided puncture of the bile duct and pancreatic duct and subsequent guidewire insertion are effective for carrying out the rendezvous technique (Fig. 6a-c) . However, there is no specialized equipment for Procedures for the papilla After cannulation to the bile duct, some procedures for the papilla are necessary before performing various interventions. Endoscopic sphincterotomy (EST) is the most common and standard procedure for endoscopic transpapillary intervention. In the enteroscope procedures, the reversed view of the papilla can be seen, making sphincterotomy difficult. One of the methods of performing EST is using a needle knife with a biliary stent, in which the roof of the papilla is cut along the plastic stent (Fig. 7) . Another technique is balloon dilation. Endoscopic papillary balloon dilation is an effective and simple procedure for the removal of common bile duct stones. Recently, endoscopic large balloon papillary dilation has been shown to be useful for the removal of large bile duct stones. A larger opening of the papilla orifice may allow the retrieval of large stones without performing lithotripsy, and this is effective for a large number of stones. These balloon dilation methods were shown to be effective for ERCP in patients with surgically altered anatomy.
Complications
The most severe complication we observed in enteroscopic ERCP was perforation. Although many of these cases improved with conservative management, some required surgical operation. Five types of perforation may occur during enteroscopic ERCP: (1) digestive tract perforation by the scope tip, (2) digestive tract perforation by the scope body, (3) digestive tract perforation resulting from the very tight tension brought about by scope manipulation, (4) digestive tract perforation near the papilla by device insertion, and (5) bile duct perforation by the balloon dilation procedure. Type (1) perforation could be avoided by careful scope manipulation, but this was difficult to achieve in perforation types (2) and (3). These perforations were observed on X-ray during or after the procedure.
Summary of BAE usage in ERCP for patients with surgically altered anatomy
There are some series already reported about ERCP using BAE. The use of BAE has demonstrated an enteroscopy success rate of 71-97 %, an ERCP success rate of 64.1-98 %, and a complication rate of 1.6-12.9 % [10, 11, [17] [18] [19] [20] [21] (Table 1 ). There are currently no data indicating which type of enteroscope (i.e., SBE or DBE) is superior for scope insertion. A previous multicenter survey report in Japan [13] revealed that the overall success rate of reaching the target site was not significantly different between SBE and DBE. On the other hand, the overall success rate of reaching the target site in patients with R-Y reconstruction was higher for DBE (94.7 %) than for SBE (85.1 %). The present results were obtained from a multicenter, cooperative, but non-randomized retrospective study. Additional studies of SBE and DBE as well as conventional and shorttype BAE are highly anticipated.
Conclusion
We have described the current status and procedural techniques of ERCP in patients with surgically altered anatomy using BAE. Although the success rate of ERCP in Fig. 7 Endoscopic sphincterotomy using a needle knife with a biliary stent. The roof of the papilla was cut along the plastic stent DBE double-balloon enteroscope, SBE single-balloon enteroscope, s-DBE short double-balloon enteroscope, s-SBE short single-balloon enteroscope; na not available patients with surgically altered anatomy has been improving, the procedures involved remain challenging. Sustained efforts to develop special devices for balloon-assisted ERCP should be exerted to achieve an easier and safer procedure.
